It is poorly understood how stressors modulate neurobiological mechanisms that may contribute to the heterogeneity of major depressive disorder (MDD). Unmedicated patients diagnosed with MDD (n = 15) and individually matched healthy controls (n = 15) completed stress questionnaires and were studied with functional magnetic resonance imaging while viewing emotional words. Significant effects of recent negative life stressors, but not early life stress/trauma, were observed on regional blood oxygen level dependent activity during presentation of negative words in patients with MDD. No significant effects of stress on brain activation to negative words were found in controls. In MDD patients, positive correlations were found bilaterally in orbitofrontal areas 11 l/47/12 m, which are involved in representing negatively valenced stimuli. Negative correlations were also found in the right ventrolateral prefrontal area 45, subgenual cingulate area 25, and nucleus accumbens, all of which are implicated in the pathophysiology of MDD. Negative memory bias was additionally positively associated with recent negative life stress and negatively associated with subgenual cingulate activation, suggesting a mechanism by which stress may contribute to these abnormalities. The severity of recent negative life stressors is an important modifier of neurobiological and cognitive function in MDD and may help explain heterogeneity in the disorder.
Introduction
Stressful life events can precipitate, maintain, and exacerbate major depressive disorder (MDD) (Kessler, 1997; Kendler et al., 1999; Paykel, 2003; Hammen, 2005) . Although it is clear that past and current life experiences contribute to MDD in genetically predisposed individuals (Monroe and Simons 1991; Kendler et al., 1995; Caspi et al., 2003) , the biological link between stress and MDD is not known.
It is well established that early life trauma significantly increases the likelihood of developing MDD in adulthood (reviewed by Heim and Nemeroff, 2001) . Early life exposure to physical or emotional abuse is correlated with greater emotional reactivity (Cummings et al., 1994; Heim et al., 2000; Pollak and Sinha, 2002) , which is in turn associated with the risk for developing mood and anxiety disorders (Pine et al., 2001) . Physiological consequences to early life trauma include sensitization of the hypothalamic-pituitary-adrenal axis (Ladd et al., 2000; Heim and Nemeroff, 2001; Pryce et al., 2005) , and structural brain changes (Lyons et al., 2001; Vythilingam et al., 2002; Teicher et al., 2004; Cohen et al., 2006) . However, no studies have examined the neural responses to emotional stimuli in adults with MDD as a function of early life stress. In one functional magnetic resonance imaging (fMRI) study, healthy adults who grew up with harsh parenting showed low amygdala activity while viewing fearful or angry faces, suggesting desensitization of fear responsive regions (Taylor et al., 2006) .
A robust relationship has also been drawn between recent stressful life events and the onset and exacerbation of MDD (Kendler et al., 1999; Scher et al., 2005) . A prevailing cognitive theory is that emotional biases or distortions of stressful life events contribute to the development and maintenance of MDD (Beck, 1979; Scher et al., 2005) . Recent studies have found greater cognitive changes in patients with a major stressor compared with patients without a major stressor (Monroe et al., 2007) , and that depressed individuals selectively attend to and remember negatively-valenced information (Leppänen, 2006; Hamilton and Gotlib, 2008) . In this study, it is predicted that depressed individuals with higher levels of stress will have greater memory bias for negatively-valenced words. To date, there has been no investigation of the neural correlates of emotional reactivity or negative memory bias as a function of recent life stress in MDD.
The present study was designed to examine the relationship of early and recent negative life stress to regional brain activity in subjects with and without MDD. During fMRI, volunteers were exposed to emotional words, which have been shown to detect functional brain abnormalities in MDD (Siegle et al., 2002; Canli et al., 2004) . It was hypothesized that stressors (whether early or recent) would contribute to the variability of responses in emotion regulatory regions in MDD (e.g., orbitofrontal, ventrolateral, and subgenual cingulate cortex, nucleus accumbens, amygdala).
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